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@ Nuclear fuel assembly with improved spectrai shiftrods.

6) The invention relates to a nuclear fue! assembly for use in
a nuclear reactor core which has excess reactivity initially de-
signed into it.

The fuel assembly includes means for conirolling the
excess reactivity, comprising at least one hermetically sealed
tubular member (40) containing a burnable poison (42) which
is capable of generating gas under reactor operating condi-
tions and is soluble in the moderating reactor coolant, the tu-
bular member (40) having a wall region (50) adapted to rupture,
thereby to admit reactor coolant to the burnable poison solu-
ble therein, when the internal pressure of the tubular member
has reached a predetermined level.

This element functions as a spectral-shift rod capable of
shifting at the proper time from an initial low reactivity part of
the neutron spectrum to a high reactivity part thereof without
the aid of any special means extraneous to the rod itself.
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NUCLEAR FUEL ASSEMBLY WITH IMPROVED SPECTRAL SHIET RODS

This invention relates generally to nuclear
reactors and, more particularly, to a nuclear fuel assembly
therefor.

It is known that the fuel cycle of a pressurized
water reactor (PWR) can be extended by designing an exces-
sive amount of reactivity into the reactor core at start-up
so that, as the reactivity is depleted over the life of the
core, there will still be sufficient reactivity left to
sustain core operation for an extended period of <time.
However, since there is an excess of reactivity at the
beginning of core life, steps must be taken at that time to
properly control it.

One technique to control reactivity is to produce
an initial spectral shift which has the effect of increas-
ing the epithermal (low reactivity) part of the neutron
spectrum at the expense of the thermal (high reactivity)
part. This results in production of fewer thermal neutrons
and decreased fission. Then, as fission naturally decreas-
es after extended reactor operation, a reverse shift back
to the thermal part of the neutron spectrum at the expense
of the eipthermal part is undertaken. Such control tech-
nigque is primarily accomplished through the use of dis-
placer rods. As the name implies, these rods are placed in
the core to initially displace some of the moderator water
therein, thereby to decrease the reactivity. Then, at some

point during the core cycle as reactivity is consumed, the
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displacement associated with these rods is removed from the
core so that the amount of moderation and therewith the
level of reactivity in the core are increased.

One approach considered for removing this dis-
placement is through the use of a mechanism &imilar to
those associated with control rods, or of a drive mechanism
such as described in U.S. patent specification No.
4,432,934, which is operated at the given time to withdraw
the displacer rods.

Another approach contemplated for removing the
displacement is to have membranes provided on the ends of
the displacer rods and adapted to be penetrated at some
point in time to allow the rods to be filled with water. A
small heating element surrounding a specially indented end
cap on the hollow displacer rod is energized at the appro-
priate time, and the heat generated thereby weakens the
indented part of the end cap to an extent enabling the
external water pressure to rupture the end cap and thus the
rod to become filled with water.

A further approach used to remove moderator
displacement is to use, as displacer rods, rods which are
filled with a suitable gas, such as helium, and designed to
longitudinally expand as the internal gas pressure increas-
es with progressing reactor operation. When the rod has
become elongated enough to move against a spike on the
adjacent portion of the top nozzle, the spike will pierce
the end plug of the rod and thus permit the rod to become
filled with water. This approach 1is described in U.S.
patent specification No. 4,371,495.

It is the principal object of the invention to
provide a simpler and less costly way of removing moderator
displacement, one which also can be tailored to take effect
at the desired time during the core cycle.

Accordingly, the invention resides in a nuclear
fuel assembly for use in a nuclear reactor core which has

excess reactivity initially designed into it and has
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moderator/coolant liquid flowing therethrough when in
operation, said fuel assembly including means for control-
ling the excess reactivity, characterized in that said
means comprises at least one spectral-shift rod in the
form of a hermetically sealed tubular member contain-
ing a burnable poison material which generates gas
when exposed to the operating conditions existing in the
reactor core and which material is soluble in said
moderator/coolant 1liquid, and which tubular member has
a wall region adapted to rupture at a predetermined
level of gas pressure within the tubular member, thereby to
enable the moderator/coolant liquid to come into contact
with the burnable poison material therein.

Thus, and unlike the earlier approaches which
rely upon the use of some special means in removing modera-
tor displacement, the invention is utilizing the interac-
tion between two component parts of the spectral=-shift rod
itself, namely, the burnable poison material, e.g., a boron
substance therein in a form capable of evolving gas and
soluble in the moderator/coolant 1liquid, and the wall
region of the rod which is designed to rupture when a given
internal pressure level is reached.

The spectral-shift rod embodying the present
invention can be readily tailored to match the particular
conditions prevailing in the fuel assembly when in use.
For instance, by wvarying the initial internal pressures of
rods within different groups in the fuel assemblies of a
core, one could have the different groups of rods rupture
at different times during the core cycle so that removal of
water displacement would be phased-in in increments. The
same result, that is, incremental removal of displacement,
can also be achieved by wvarying the plenum volume of
different groups of the rods. In short, by properly
varying these two parameters =-- initial internal pressure
and plenum volume -- of the rods, it is possible to intro-
duce moderator/coolant water, thereby to increase the

reactivity, as desired during the core operating cycle.
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Preferred embodiments of the invention will now
be described, by way of example only, with reference to the
accompanying drawings, in which:

Fig. 1 is an elevational view, partly in section,
of a nuclear fuel assembly shown in vertically foreshort-
ened form and with parts broken away for clarity;

Fig. 2 is an enlarged, vertically foreshortened,
sectional view of a spectral-shift rod embodying the
invention and shown as it is prior to rupture;

Fig. 3 is a view similar to Fig. 2 but showing
the rod after rupture of the weakened portion and filling
of the rod; and

Fig. 4 is another view similar to Fig. 2 but
showing the rod disposed in one of the control rod guide
thimbles of the fuel assembly.

In the following description, 1like reference
characters designate like or corresponding parts throughout
the several views of the drawings, and terms such as
"forward", "rearward", "left", "right", "upwardly", "down-
wardly", and the like are used as words of convenience not
to be construed as limiting terms.

Referring now to the drawings, and particularly
to Fig. 1, the fuel assembly illustrated therein and
generally designated with numeral 10 is the type used in
pressurized water reactors (PWR). Basically, it comprises
a lower end structure or bottom nozzle 12 for supporting
the assembly on the lower core plate (not shown) in the
core region of a rea:zt:r (not shown); a plurality of guide
tubes or thimbles 14 projecting upward from the bottom
nozzle 12; a plurality of transverse dgrids 16 axially
spaced along the guide thimbles 14; an organized array of
elongate fuel rods 18 transversely spaced and supported by

the grids 16; an instrumentation tube 20; and an upper end

structure or top nozzle 22 attached to the upper ends of

the guide thimbles 14.
Each of the fuel rods 18 contains nuclear fuel

pellets 24, and its opposite ends are sealed by means of
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end plugs 26 and 28. As well known in the art, the fuel
pellets 24 composed of fissile material are the source of
the reactive power produced by the PWR, and a liquid
moderator/coolant, such as water with or without boron
therein, is pumped upward through the fuel assemblies of
the core to extract therefrom heat for the production of
useful work.

The fission process is controlled by means of
control rods 30 which are reciprocally movable in the guide
thimbles 14 located at predetermined positions in the fuel
assembly 10. The control rods are moved by means of a rod
cluster control mechanism 32 disposed in the top nozzle 22
and having an internally threaded cylindrical member 34
with a plurality of radially extending flukes or arms 36
each of which has a control rod 30 connected thereto, all
as well known in the art.

As initially explained herein, it is customary to
prolong the life of the reactor core of a PWR by designing
into the core an excess of reactivity which must be reduced
at the early stage of the core cycle and is increased later
on.

The invention provides a spectral-shift rod 38
for controlling excess reactivity. Only one such rod 38 is
indicated in Fig. 1 but ordinarily there will be several
rods of this type in the fuel assembly 10. As best seen
from Fig. 2, the spectral-shift rod 38 comprises a hermeti-
cally sealed tubular member 40 containing a burnable poison
material 42 which preferably is a boron substance, e.dqg.
8203, H3B03 (boric acid), Li2B4O7, LiBOz, or K2B407, and is
soluble in moderator/coolant liquid. The boron substance
may be in liquid form, such as boric acid solution, or it
may be a solid in the form of a loose or compacted or
high-density compacted and sintered powder.

The tubular member 40 comprises a tube 44 and a
pair of end plugs 46, 48 sealing its opposite ends, both
the tube and the end plugs being made of a suitable materi-

al, such as a zirconium-based alloy. The tubular member 40
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has a weakened region which is subject to rupture at a
given level of internal pressure resulting as gas evolves
from the poison material within the tubular member.
Although the weakened region can be located at wvarious
places on the tubular member, preferably it takes-the form
of a thinned disc-like portion 50 formed in the center of
the lower end plug 48.

In this condition, the spectral-shift rod 38 will
initially act as a fixed burnable neutron absorber capable
of controlling excess reactivity in that the water-soluble
boron material 42 within the tube 44 will initially depress
power by absorbing neutrons. However, as the boron is
absorbing neutrons, it transmutes into lithium and helium
gas, and the helium gas thus generated causes the internal
pressure of the rod to rise (e.g. from a level of less than
about 80 atmospheres at room température) until eventually
it exceeds the rupture strength of the thinned disc-like
portion 50, thereby causing the latter to rupture, as shown
in Fig. 3. With the thinned portion 50 now broken,
moderator/coolant water can enter the tube 44 and gradually
dissolve the boron material 42 therein until eventually the
whole rod is filled with moderator water, likewise as
depicted in Fig. 3. Thus, rupture of the weakened rod
region 50 and the consequential dissolution of the
neutron-abéorbing poison in the moderator water result in a
spectral shift toward increased neutron moderation and,
hence, wutilization of the extra reactivity initially
designed into the fuel assembly.

Fig. 4 merely illustrates the disposition of the
spectral-shift rod 38 in one of the guide thimbles 14 in
place of a control rod. It could be connected to one of
the arms 36 of the control mechanism 32.

It will be appreciated that the spectral shift
rod 38 can be tailored, as desired, to match the particular
conditions prevailing in the fuel assembly. For instance,
the rod can be designed to rupture at the desired time

during the core operating cycle by varying the plenum
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volume of the rod and/or by varying the intitial internal
pressure within different ones of the rods. By properly
varying these two parameters, it is possible to add modera-
tor water which increases reactivity as desired during the
cycle. For example, it would be possible to have 259 of
the spectral shift rods rupture 409 through the cycle, 35Y%
of the rods rupture approximately 60% through the cycle,
and the remaining 40% of the rods rupture at about 80%
through the cycle. Although there would be some uncer-
tainty as to the process time when rupture would occur, the
precise time 1is not too critical since there would be
statistical wvariation so that relatively small reactivity
changes can easily be accommodated by control rod movements

or changes in coolant boron concentration or flow.
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CLAIMS:

1. A nuclear fuel assembly for use in a nuclear
reactor core which has excess reactivity initially designed
into it and has moderator/coolant liquid flowing there-
through when in operation, said fuel assembly including
means for controlling the excess reactivity, characterized
in that said means comprises at least one spectral-shift
rod (38) in the form of a hermetically sealed tubular
member (40) containing a burnable poison material (42)
which generates gas when exposed to the operating condi-
tions existing in the reactor core and which material is
soluble in said moderator/coolant liquid, said tubular
member (40) having a wall region (50) adapted to rupture at
a predetermined level of gas pressure within the tubular
member, thereby to enable the moderator/coolant liquid to
come into contact with the burnable poison material
therein.

2. A nuclear fuel assembly according to claim 1,
characterized in that said wall region (50) is an end
portion of the tubular member having a reduced wall
thickness.

3. A nuclear fuel assembly according to claim 2,
characterized in that said sealed tubular member (40)
comprises a tube (44), and a pair of end plugs (46, 48)
disposed on and sealing the opposite ends of said tube,
said wall portion (50) of reduced thickness comprising a
disc-like end portion of at least one (48) of said end
plugs.
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4. A nuclear fuel assembly according to claim
1, 2 or 3, characterized in that said tubular member (40)
is hermetically sealed having a predetermined elevated
initial internal pressure selected to cause rupture of said
wall region (50) to occur at a pre-known timé during

operation of the reactor core.
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